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Simultaneous multiple-wavelength operation of a multistripe array grating integrated cavity 
laser is reported. We demonstrate simultaneous lasing from a single output port at 2, 3, and 4 
discrete wavelengths, each independently selected from a comb of 9 wavelengths set at -2 nm 
intervals, from 1512 to 1.528 nm. Signal cross talk is examined for the case of two-wavelength 
emission and found to be independent of the wavelength separation. The emission wavelengths 
were linearly spaced to within *to.02 nm, while the comb’s central wavelength deviated by less 
than 2 nm from its design value. This is the highest wavelength linearity and accuracy so far 
recorded for a monolithic multiwavelength source. 

Wavelength division multiplexing (WDM) is being nar waveguide. The operation of the MAGIC laser resem- 
widely considered for use in future fiber networks by both bles that of a bulk-optic external cavity laser, for which the 
the telecommunications and computer industries. ’ Many single laser element and rotating grating of the latter have 
of the proposed networks call for multiple-wavelength been replaced by an array of laser stripes and a fixed etched 
sources at the-access points (and nodes) within the net- grating, the etched grating being curved to provide focus- 
work. System integrity requires that all such sources pro- ing as well as diffraction. The MAGIC laser is shown sche- 
vide signals at the same precisely defined wavelengths. matically in Fig. 1. 

Banks of independent distributed feedback (DFB) la- 
sers have already been used in WDM network demonstra- 
tions, their different wavelength outputs being combined in 
an external bulk-optic multiplexer to form a single multi- 
wavelength source.2-4 Integration of these separate lasers 
on a single chip potentially offers great advantage through 
reduced component count and packaging costs, as well as 
through improved reliability.5c However, integration re- 
moves the ability to independently temperature tune the 
wavelengths of the individual laser elements. Very precise 
control of the ‘growth and fabrication of each element is 
therefore necessary in order to accurately set all wave- 
lengths. 

We have recently reported a new type of semiconduc- 
tor laser source, the multistripe array grating integrated 
cavity (MAGIC) laser?z8 We have already demonstrated 
single-wavelength operation of this device, showing that 
lasing can occur at a wavelength selected from a predeter- 
mined comb of values. 778 In this letter we report the first 
demonstration of simultaneous multiwavelength operation 
of a MAGIC laser. Simultaneous operation at 2, 3, and 4 
wavelengths is reported, each wavelength being indepen- 
dently selected from a comb of 9 wavelengths spaced at - 2 
nm intervals across the spectral range of 1512-1528 nm. 
The multiple-wavelength emission occurs from a single 
output port. Record precision of wavelength positioning is 
also demonstrated. Finally, we examine signal cross talk 
for the case of two-wavelength operation and show that it 
is approximately independent of the wavelength spacing. 

If a single active stripe of the MAGIC laser is electri- 
cally pumped, laser emission occurs from its cleaved end 
facet at a wavelength determined by the optical feedback 
from the grating. The lasing wavelength is different for 
each stripe, being defined by the stripe’s position relative to 
the grating.’ Laser emission at different wavelengths from 
a singie output port is also possible. An “output” stripe 
toward one end of the array is selected and pumped, and a 
Ysecond” stripe toward the opposite end of the array is also 
pumped. If the two stripes are chosen such that the direct 
grating-feedback wavelengths for each occur at opposite 
extremes of the active material gain spectrum, then the 
wavelength at which the grating “connects” the two lies 
toward the middle of this spectrum, and so lasing occurs 
preferentially at the connecting wave1ength.s By then, 
pumping different second stripes, the emission from the 
output stripe may be switched from one wavelength to 
another. In this letter, we report the simultaneous opera- 
tion of the MAGIC laser at a number of different wave- 
lengths, achieved by simultaneously injection pumping a 
number of different second stripes together with the single 
output stripe. Each emission wavelength is determined by 
the resonance between the output stripe and one second 

A MAGIC laser is formed by the monolithic integra- 
tion of an active stripe array with a diffraction grating, the 
latter being etched into one end of a two-dimensional pla- 
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FIG. 1. Sketch of the MAGIC laser. Shaded stripes illustrate those in- 
jection pumped for simultaneous multiwavelength operation; laser emis- 
sion is collected from the common output stripe. 

grating 
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FIG. 2. Simultaneous emission at two wavelengths selected from the 
comb of wavelengths available from the MAGIC laser. Different two- 
wavelength combinations are shown, illustrating emission across a 16 nm 
wavelength range. Scans were taken with a 0.1 nm resolution optical 
spectrum analyzer, the output stripe current was 200 mA, and the second 
stripe currents were 150 mA; active stripes were 1500 pm by 7 pm. 
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stripe. The pumping arrangement is shown schematically FIG. 3. Simultaneous laser operation at 3 and 4 emission wavelengths. 

in Fig. 1. Same pumping conditions as for the traces in Fig. 4. 

The structure and fabrication of the MAGIC laser 
used is identical to that described in Ref. 8, and will not be 
discussed in detail here. In brief, the structure consists of 
an InP( 1.0 pm)/InGaAsP(0.3 pm, /2,= 1.3 pm)/InP pla- 
nar waveguide grown on a n +=InP substrate, with a curved 
diffraction grating etched vertically through the guide core 
at one end, and an array of -4O=pm-spaced active stripes 
at the other. The grating is used in 16th order, giving a free 
spectral range of -90 nm for operation around 1.5 pm. 
The active region of the stripes comprises a 6=well un- 
strained InGaAs/InGaAsP&= 1.3 pm) multi-quantum- 
well stack grown directly on top of the waveguide core. 
Patterning of the active stripes is followed by regrowth of 
a 1.0 pm InP waveguide cladding layer, made semi- 
insulating to provide diode isolation as well as surface pas- 
sivation. The laser was mounted on a temperature- 
controlled stage, and was operated in pulsed mode. 

from residual reflections at the interface between the active 
stripes and the planar waveguide. We  do notice in Figs. 2 
and 3 the presence of residual peaks in the background 
emission spectrum at wavelengths that correspond to some 
of the laser emissions; their origin is presently unclear. 

The spectrum obtained for simultaneous two- 
wavelength operation is illustrated in Fig. 2. The bias for 
the output stripe was held constant at 200 mA while dif- 
ferent combinations of second stripes were pumped; injec- 
tion currents of -90 mA were required to reach lasing 
threshold. The traces in the figure were obtained with sec- 
ond stripe injection currents of - 150 mA, i.e., - 1.61,, . 
The active stripes were - 1500=pm long by -7=pm wide. 
Two series of scans are shown, illustrating a number of 
possible combinations from a comb of 9 wavelengths 
spaced at -2 nm from 1512 to 1528 nm. 

The linearity of the wavelength spacing depicted in 
Fig. 2 is high. The standard deviation is just 0.02 nm. This 
is less than the longitudinal mode spacing ( -0.03 nm), 
and suggests that wavelength uniformity is achieved to the 
nearest longitudinal mode. It is interesting to note that a 
wavelength tolerance of -0.02 nm is expected from con- 
siderations of fabrication and mask dimensional tolerances. 
This degree of wavelength uniformity is unrivaled for a 
monolithic laser source and arises from the nature of the 
wavelength selection mechanism; comparable wavelength 
precision from a conventional DFB laser would require 
grating accuracies on the order of 0.003 nm. Absolute 
emission wavelengths differed by just -2 nm from their 
design values. Exact coincidence was obtained by adjusting 
the temperature of the laser mount. The measured temper- 
ature sensitivity was 0.11 m&C. 

All laser intensities lie -20 dB above the background 
of spontaneous emission. There was no evidence of laser 
emission at the output stripe’s own direct grating-feedback 
wavelength. This is the result of using a stripe for which 
the direct grating-feedback wavelength lies well into the 
wings of the gain spectrum of the active material. Indeed, 
for the case illustrated, direct grating feedback to the out- 
put stripe occurred at a wavelength close to the band gap 
of the active material. We  also note the absence of features 
associated with Fabry-Perot resonances which might arise 

Figure 3 shows simultaneous laser operation at three 
and four wavelengths. The same output stripe was used, 
but now three or four second stripes were pumped. Again, 
the bias current for the output stripe was 200 mA, and 
second stripe injection currents were - 150 mA. As for the 
two-wavelength case, laser intensities are found to lie be- 
tween 15 and 20 dB above a featureless background of 
spontaneous emission. Simultaneous operation on an even 
greater number of wavelengths is expected to give similar 
results. 

We  have examined interchannel cross talk for the case 
of two-wavelength operation. We  measured the change of 
output power Pi at a single wavelength that occurs as a 
result of increased power P2 at a second, different, wave- 
length. The intensity of the first wavelength emission in the 
absence of any second wavelength emission is denoted Pk,. 
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FIG. 4. Cross talk for the case of two-wavelength operation. Relative 
output power at one wavelength, PI/P,,, as a function of output power at 
another, Ps/P,c, separated from the first by 2, 4, 6, and 8 nm. 

In Fig. 4 we plot the relative power of the first wavelength 
emission PI/P,, against the relative power P,/P,, of the 
second. The injection currents for the output and first sec- 
ond stripe were maintained at 200 and 150 mA, respec- 
tively. Data points are shown for four different wavelength 
separations: 2, 4, 6, and 8 run. 

The steady-state output power at one wavelength is- 
seen to decrease with increasing power at the second wave- 
length; a -2 dB reduction occurs for a power of PI0 at the 
second wavelength. The effect is approximately indepen- 
dent of the channel spacing. This behavior is consistent 
with interaction via gain saturation in the common active 
output stripe. The gain saturation mechanism has previ- 
ously been studied for multichannel amplification by 
traveling-wave amplifiers,‘-” where the level of gain sup- 
pression was found to depend upon the total intensity 
within the active material rather than upon the intensity at 
any single wavelength.’ Typical operation of the MAGIC- 
laser (such as that shown in Fig. 2) gives instantaneous 
output powers of order 1 mW, and such high optical in- 
tensities within the output stripe suppress the material gain 
relative to the small-signal value.9*10 Figure 4 indicates a 
homogeneous gain saturation mechanism where increasing 
the power at any one wavelength affects the material gain 
at all wavelengths. 

Cross talk of comparable magnitude to that found here 
has been recently predicted12 and also experimentally dem- 
onstrated13 for a bulk optic laser similar to the integrated 
MAGIC laser. The former device comprised a bar of active 
stripes with one facet antireflection coated, an external col- 
limating lens, and a plane grating. For this laser, it was 
shown that the cross talk could be compensated by super- 

imposing a component of the injection current to each sec- 
ond stripe onto the injection current to the common output 
stripe.13 Cross-talk-induced power reductions of less than 
0.05 dB were demonstrated.13 Similar performance may be 
expected for the MAGIC laser. 

In summary, we have reported the first demonstration 
of simultaneous multiwavelength operation of a MAGIC 
laser. Simultaneous emission at 2, 3, and 4 wavelengths 
was demonstrated from a single output, with each wave- 
length independently selected from an array of highly lin- 
early spaced (a=0.02 nm) wavelengths, set at -2 nm 
intervals. A change in operating temperature of A9 “C! al- 
lows the comb of emission wavelengths to be placed any- 
where within the spacing interval of 2 nm. This represents 
the highest wavelength precision so far reported for a 
monolithic WDM source. Interchannel cross talk was also 
measured for two-wavelength operation and found to be 
independent of channel spacing. This cross talk may be 
reduced to a negligible level by appropriate current injec- 
tion schemes. 
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